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Objective:    To develop a novel scaffolding method for
the copolymers poly lactide-co-glycolide acid (PLGA) to
construct a three-dimensional (3-D) scaffold and explore its
biocompatibility through culturing Schwann cells (SCs) on it.
Methods:    The 3-D scaffolds were made by means of
melt spinning, extension and weaving. The queueing disci-
pline of the micro-channels were observed under a scan-
ning electronic microscope (SEM).The sizes of the
micropores and the factors of porosity were also measured.
Sciatic nerves were harvested from 3-day-old Sprague
Dawley (SD) rats for culture of SCs. SCs were separated,
purified, and then implanted on PLGA scaffolds, gelatin
sponge and poly-L-lysine (PLL)-coated tissue culture poly-
styrene (TCPS) were used as biomaterial and cell-support-
ive controls, respectively. The effect of PLGA on the
adherence, proliferation and apoptosis of SCs were exam-
ined in vitro in comparison with gelatin sponge and TCPS.
Results:    The micro-channels arrayed in parallel
manners, and the pore sizes of the channels were uniform.
No significant difference was found in the activity of
Schwann cells cultured on PLGA and those on TCPS (P>0.05),
and the DNA of PLGA scaffolds was not damaged.
Conclusion:     The 3-D scaffolds developed in this
study have excellent structure and biocompatibility, which
may be taken as a novel scaffold candidate for nerve-tissue
engineering.
Key words:     Schwann cell; Tissue engineering;
Biocompatible materials
In recent years, the development of nerve tissue en-gineering technology has brought us a new hope inrepairing nerve injuries. Schwann cells (SCs) have
become one of the most common seed cells for explor-
ing the effects of induction, nutrition and promotion on
axon growth and maturity.1-3 However, the transplanta-
tion of SCs alone has several disadvantages, for
example, the migration distance is too short and SCs
cannot go through the cicatrix of the damaged regions.
Therefore, the development of three-dimensional (3-D)
scaffolds has become the necessary condition for the
3-D growth of nerve fibers. In this study, we prepared 3-
D nerve tissue engineering scaffolds with micro hollow-
channels by using poly lactide-co-glycolide acid (PLGA)
as the main raw material, transplanted SCs to the
scaffolds, and detected its biocompatibility.
METHODS
Preparation of PLGA 3-D scaffolds
PLGA materials (Puiac, Hollard) of 100 g were
melted at 250°C, spinned to the diameter of 25 µm by a
spinning machine (self-made), then braided to fine wires
by a braider (Xiangxuehai Equipment Processing
Factory, China). Firstly, the materials were braided to
micro-catheters whose diameter was 100 µm, then ev-
ery 50 micro-catheters were braided to a scafford whose
outer diameter was 3 mm. The outer surfaces of the
micro-catheters and scaffords were sprayed with 3.5%
chitosan (Hecreat Bio-tech Company, Qingdao, China),
disinfected by ethylene oxide, vacuum-packaged, and
cold-storaged at -4°C.
Structure of 3-D scaffolds observed under scanning
electron microscope (SEM) to measure porosity
After the gold-sputtering and film coating, the 3-D
structure of the scaffords was observed under the SEM
(JSM-6309LV, Japan), the diameters of the micro-cath-
eters were measured, and the porosities of the materi-
als were calculated by dewatering method.
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Separation, cultivation, and purity identification
of SCs
Bilateral sciatic nerves were harvested from 3-day-
old Sprague Dawley (SD) rats (provided by the Experi-
mental Animal Center of the Second Military Medical
University, Shanghai, China). After stripping the epineu-
rium of  the sciatic nerves under a dissecting
microscope, SCs were separated with enzyme
digestion. After amplification, fibroblasts were removed
with differential adhesion and anti-mitotic method from
SCs cultivation, then the purity of SCs was identified
by S100 immunofluorescence staining and Hoechst
33258 nuclear staining. Then the growth of SCs was
observed under an inverted phase contrast microscope.
Grouping
After digestion of SCs by pancreatin in the six well
plates, SCs were diluted to cell suspension, whose
density was 1×106/ml. In Group A, SCs suspension
was implanted into 10 2.5-mm-long PLGA scaffolds by
a microinjector, each for 0.1 ml. In Group B, SCs were
placed on gel sponges with the same method as Group
A for 7 days. In Group C, SCs were placed on the 96-
well plates which were precoated with poly-L-lysine for
7 days.
Determination of biocompatibility of SCs with scaf-
folds
The adhesion rate of SCs was determined by pN-
acetyl-beta-D-glucosaminidase quantitative analysis,4
the proliferative activity of SCs by methyl thiazolyl tet-
razolium (MTT) reduction assay,5 apoptosis degree was
tested by colorimetric assay of Caspase-3 relative
activity,6-7 and damaged degrees of DNA of SCs of the
three groups by single cell gel electrophoresis assay
(SCGE)8.
After 7 days, the samples of Group A and Group B
were taken out, then fixed in buffered glutaraldehyde,
rinsed as appropriate, dehydrated through the ethanol
series up to 100% ethanol and critically point-dried from
ethanol, handle fragile dried specimens with care, mount
on stub with non-conductive dry specimens as above-
mentioned. Specimens must be sputter-coated. The
growth of SCs on the 3-D scaffolds was observed under
the SEM.
Statistical analysis
The experimental data were expressed as mean±
standard deviation (χ± s). Mann-Whitney U-test was
performed and SPSS 11.0 statistical software was
employed. Significant statistical difference was consid-
ered when P<0.05.
RESULTS
Structure of 3-D scaffolds
We prepared a new type of scaffolds whose outer
diameter was 3 mm, similar to the diameter of thoracic
spinal cord of adult SD rats. The diameters of the mi-
cro-catheters and the fine wires were 100 µm and 25
µm, respectively, observed under the SEM. The inner
diameters of the micro-catheters were uniform in trans-
verse sections and showed a spiral increasing arrange-
ment in axial sections(Fig.1), which was suitable for
the adherence growth of SCs and provided channels for
nerve fiber regeneration. The porosity was 68% calcu-
lated by dewatering method.
Separation, cultivation, and purity identification
of SCs
Under the inverted phase contrast microscope, af-
ter 6 hours, some cells could be found out of the sci-
atic nerves, and most of them showed a round
morphology. After 24 hours, the number of cells in-
creased obviously and showed bipolar morphology, but
a few of them showed a multipolar morphology. After
72 hours, a large number of cells flocked together and
arrayed in arm-to-arm or whirlpools manners. The pu-
rity of SCs was 95.2%.
Determination of biocompatibility of SCs with scaf-
folds
Adhesion of SCs    The adhesion rates of SCs for 3
hours and 6 hours in Group A  were 69%±5% and 77%±4%,
respectively, which were lower than those of Group C
(72%±6% for 3 hours and 80%±4% for 6 hours), but the
difference showed no statistical significance (P>0.05). The
adhesion rates of Group A were higher significantly than
those of Group B (30%±4% for 3 hours and 36%±3%
for 6 hours) and the difference was statistically signifi-
cant (P<0.05).
Proliferation of SCs    The optical density (OD) of
SCs was determined by MTT method. Both the differ-
ence of OD between Group B (0.042± 0.006) and Group
A (0.055±0.004) and the difference of OD between Group
B and Group C (0.058± 0.005) had statistical signifi-
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cance (P<0.05). The difference of OD between Group A
and Group C had no statistical significance (P>0.05).
Apoptosis of SCs    The SCs were [(2784±276)/
cm2] in Group A and [(2653±234)/cm2] in Group B, which
were both much lower than that of Group C [(5785±384)
/cm2], and the differences were both statistically sig-
nificant (P<0.05). The difference between Group A and
Group B had no statistical significance (P>0.05).
Results of SCGE    Comet electrophoretogram of
SCs found that there was a comet-tail only in Group B,
which showed damaged DNA in Group B.
Growth of SCs on scaffolds observed under in-
verted phase contrast microscope and SEM   After
7 days, under the inverted phase contrast microscope,
the SCs in Group A adhered to the scaffolds and grew
arm-to-arm. In Group B, a few of the cells adhered to
the scaffolds. The adherent growth of SCs was poor
though the growth of SCs was good in Group C. Under
the SEM, in Group A, a large number of SCs adhered
to the inner side of scaffolds, pseudopods of SCs
crawled on the scaffolds and grew in arm-to-arm
manners, and the growth status was good in Group C
(Fig. 3). In Group B, only a few SCs adhered to the
scaffolds and the growth status was poor.
Fig.1.  Structures of scaffolds at low and high magnifications. A: The outer diameter of the scaffolds is 3 mm; B: SEM micrographs
showing the inner diameter of the micro-catheters is 100 µm and the micro-catheters are uniform in transverse views; C and D: The micro-
catheters are arrangecd in a spiral increasing in axial views.
Fig.2. A: Photomicrographs of SCs cultured on the scaffolds for 7 days (100×); B: Photomicrographs of SCs cultured on poly-L-lysine-
coated tissue culture polystyrene (TCPS, 200×) for 7 days.
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DISCUSSION
With the rapid development of nerve tissue engi-
neering technology, the quality of scaffolds is required
higher and higher. Ideal scaffolds should possess these
characteristics as follows: (1) favorable histocompat-
ibility (besides meeting the common requirements of
biological materials, such as non-toxic and non-
teratogenic, it must be favorable to adhere and prolifer-
ate for cells, and the degradation products of it should
not have any poisonous function to cells, too), (2) 3-D
porous stereo-structure, (3) good biodegradability
(suitable for the growth of cells and controllable), (4)
suitable interface between the materials and cells, and
(5)favorable mechanical properties.
PLGA is the most commonly-used material in cur-
rent researches. Hadlock et al9 made a type of scaf-
folds by using polyglycolic acid and polylactide copoly-
mer and successfully transplanted SCs onto them. Li
et al10 successfully transplanted SCs to the scaffolds
by using absorbable sutures which were ever immersed
in extracellular matrix (ECM) gels.
The current researches indicate that enough hol-
low-channels in scaffolds are necessary, which can not
only provide enough space for the implantation of cells,
but also is beneficial to exchange nutrient substance
and oxygen, so as to promote cell proliferation.11-12
Therefore, researchers attempted to use many kinds of
biomaterials13-15 and developed several species of scaf-
folds16-17. In this experiment, new kinds of material tech-
nologies were used to improve the quality and perfor-
mance of scaffolds, such as spinning micro-catheters
by melting PLGA powders to fine wires and braiding
them to scaffolds. Theoretically, it can be braided to
any shape of scaffolds in this way, which provides a
new method for making tissue engineering scaffolds.
PLGA can be degraded straightly to acid, so the
area nearby will become a local acidic microenvironment.
Reducing pH values may accelerate the degradation of
PLGA so as to form a strongly acidic conditions, and
then it may cause inflammatory response so as to
hinder the growth and proliferation of cells18-20. During
the development of scaffolds in this research, the outer
surfaces of the micro-catheters and the scaffolds were
sprayed by 3.5% chitosan, which is a kind of weak
base with good biocompatibility and is a degradable
material. It is hoped to neutralize acid so as to reduce
local inflammatory response and reduce the damage
to cells.
The results of this research showed that 3-D PLGA
scafford did no harm to adhesion and proliferation, did
not induce apoptosis and injury of DNA. It was verified
that PLGA was a kind of material that did no harm to
DNA of SCs and showed good biocompatibility. It was
confirmed that new-type 3-D PLGA scaffolds had a 3-D
spatial structure, in which micro-channels were well-
arranged and mutually parallelled, and fine wires in the
channels showed a spiral increasing arrangement un-
der the SEM. This kind of structure was not only suit-
able for the pseudopods of SCs to adhere, but also
provided enough space for the implantation of cells. And
it was beneficial to the exchange of nutrient substance
and oxygen, so as to promote cell proliferation.
The 3-D PLGA scaffolds developed in this research
is a kind of tissue engineering scaffold suitable for re-
pairing of nerve injuries which have good 3-D structure
and biocompatibility. It opens up a new approach for
Fig.3. SEM micrographs of SCs adhering to the scaffolds. A: A large number of SCs adhere to the inner side of scaffolds; B: Pseudopods
of SCs crawl on the surface of the scaffolds.
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repairing nerve injuries and therefore has a good appli-
cation prospect.
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